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IS following u p  the consideration of the subject discussed in  our 
earlier paper (1909 l), namely, the origin of immune substance8, it 
appeared to us that if the hypothesis which attributes their production 
to the activities of the leucocyte-forming tissues were correct, im- 
portant evidence might be obtained by a comparison of blood serum 
and plasma during the process of active immunisation. 
Many of the results obtained by previous investigators who have 
endeavoured to compare the serum and plasma of an animal have been 
irregular and contradictory. And where no differences have been found to 
exist between the fluids in question, the methods used have not always been 
sufficiently precise to reveal such diff'erences, unless they had been of a very 
high degree. Especially is this the case since most of the recorded observa- 
tions are based on a determination of the bactericidal action of the fluids 
examined. 
Hahn (1895 2), who prepared his plasma by the addition of histon to the 
blood, found no difference between the bactericidal power of serum and 
plasma, and concluded that the bactericidal sgbstances circulate in the plasma. 
Sawtchenko (1893 3), comparing serum and leech-extract plasma, reached a 
similar conclusion. But the observations of Gengou (1901 4) with non-clotting 
goose's plasma, in which the bacteriolytic power was practically nil, show that 
these experiments only concern the question of the origin of complement 
which we have dealt with in a previous paper (19091). Similar objections 
apply to the results of Hewlett (1903 5), and Bellei (19046). 
It therefore seemed to us desirable to  carry out a close investigation of 
the serum and plasma as regards their content of agglutinins, since agglutinins 
can be measured with extreme exactness and precision. 
Of previous observers, von Lowit and Sehwnrs (1903 '9, who studied 
natural agglutinins, obtained different results with differently prepared plasmas. 
And in leech-extract plasma they sometimes found the agglutinins stronger 
and sometimes weaker than in the corresponding samples of blood serum. 
Figari (1904S), on the other hand, who worked on specific tubercle agglutinins, 
always found his centrifugate plasma very much weaker than his coagulation 
plasma, concluded that agglutinins do not exist free in the blood plasma. 
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METHODS. 
In  all our experiments the plasma which we used was leech- 
extract plasma. No antiseptics were employed to preserve the fluids, 
which remained sterile for long periods in the cold chamber. The 
general plan of our experiments was as follows. Rabbits were taken 
and each received a small intraperitoneal injection of dead Bacillus 
coli. Both before, and for a period following, this inoculation 
blood was taken daily from the marginal ear vein into two sterile 
tubes. The one sample-for serum-was allowed to clot in the usual 
way, and the serum separated on the following clay. The other-for 
plasma-was received into a sterile tube containing a little dry leech 
extract ; it was rapidly centrifugalised, and the plasma pipetted off and 
stored in LZ sterile tube. ,411 the tubes were closed with sterilised 
rubber stoppers and kept in :i cold chamber nntil required for use. 
Control experiments showed that the leech extract added clid not affect 
the agglutinating power of the fluids. 
As regards the centrifugalisatioii of leech-extract blood for the prepara- 
tion of plasma, it was important to  complcte this as rapidly as possible so as 
to allow a minirnnm of opportunity for lcucocytes to break up and discharge 
their contents into the Auid plasma. The ccntrifnge cniployed mas a very 
powerful inachine by Curnicistcr and Wain, which records its revolutions 
automatically. It was not foiiiicl necessary iii these espcrirnents to run it 
above 7000 to 7200 revolutions per minute. 
The time occupied in running up the speed to  7000 revolutions was about 
four minutes, thc nppsratus was held at this speed for tlirec minutes, and ten 
minutes merc required for it to come to rest after switching off’ the current. 
The minimum t h o  from priclting the rabbit’s ear to the separation of the 
supernatant plasma was therefore somethiiig like t\wnty-five minutes. On 
the average it was probably about half ail hour. 
The plasma thus obtained was perfectly clear, and remained 
unclotted for two months and inore in the cold chainber. The fact 
that it did eventually clot if kept long enough was evidence that 
some part of the leucocytes of the blood, though probably only R very 
small proportion, had broken up during the time required for its 
preparation. Serum and plasma having been prepared daily from a 
particular rabbit for a number of weeks, the whole series of samples 
was examined for agglutinating action by Dreyer’s modification of 
Madsen’s original method, and the results recorded. An observation 
on the serum and plasma of thirty successive days entails between 
three and four thousand measurements with the pipette, and three 
separate readings of about one thousand agglutination tubes ; but the 
method is much the most accurate that has been devised. 
And 
the reciprocal of this figure multiplied by a figure representing the 
dilution of the seruni used gives the amount of agglutinin present 
Each tube reading leads to a particular figure in a table. 
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per C.C. of the serum expressed in arbitrary units. Only when these 
calculations have been completed does one become aware of the 
character of the results which one has been recording. Thus any 
personal bias is automatically eliminated from the observations. 
RESULTS. 
The first point which stands out clearly in all our experiments is 
the fact that after the agglutinins have reached their maximum in the 
reaction of the animal, and are falling, the plasma is invariably 
and markedly stronger than the serum in agglutinating power. This 
constant and quite unequivocal difference, it appears to us, can only be 
attributed to an “absorption” of agglutinin from the serum by the 
corpuscles and solid fibrin of the clot during the time that the two 
remain in contact, similar to the absorption which takes place on the 
addition of any solid or scmi-solid matter to fluids containing 
agglutinins or other immune-substances. This point is fundamental 
to the interpretation of the rest of our results. 
This being admitted, then, it evidently follows that if, at any 
period, the serum is found on an equality with the plasma as regards 
agglutinating power, and much more if i t  is actually found to be the 
stronger, it must have received a considerable accession of agglutinin 
from some definite source which is by its nature riot available for the 
plasma. And the only probable source, so far as we can see at  
present, which would fulfil the conditions, is to be found in the 
leucocytes of the blood. 
Let us accept for a moment the hypothesis that anti-bodies are 
produced by the leucocytes and leucocyte-forming tissues of the body 
(notably the bone marrow), and are discharged by them into the 
blood by an active process comparable to secretion, as well as liberated 
by them when they disintegrate. It will follow from this that 
during the active period of immunisatioii the serum will be stronger 
than the plasma by just so much agglutinin as was contained in 
the leucocytes which have disintegrated in it (but which were 
removed from the corresponding plasma), less the amount of 
agglutinin absorbed from the serum by its clot. And this differ- 
ence should be most in evidence during the early stages of the 
process, when there exists a marked leucocytosis in the circulating 
blood. 
That is to say, the increase of agglutinins due to  breaking up of 
leucocytes in the serum tube may be great enough to balance,and even 
more than counterbalance, the loss due to absorption by the red 
corpuscles and fibrin during coagulation and subsequently. These 
theoretical conclusions are in precise agreement with the facts we have 
observed in our actual measurements of the agglutinins. 
In a fresh normal rabbit before inoculation we find that the 
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plasma is slightly more agglutinative than the serum (absorption by 
clot), but immediately the active production of agglutinins begins the 
serum shows a distinctly stronger action, and continues to be the 
stronger throughout the period of rise until almost the summit of the 
curve is reached. Here absorption begins to gain the upper hand, and 
froin this point onwards the plasma shows the higher agglutinating 
power. 
Our results are exhibited in the following curves, which are drawn 
to  scale. 
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We regard the foregoing observations as aflording strong evidence 
that the hypothesis provisionally put forward above is justified, and 
that, so far as concerns the agglutinins a t  any rate, we have now an 
adequate basis for the view that the production of anti-bodies is in 
some way dependent on the activity of the leucocytic tissues of the body. 
The plasma yields us just so much agglutinin as has been poured 
into it from the leucocyte-forming tissues (and possibly from elsewhere) ; 
the serum shows, in addition to this amount, the agglutinin given 
up after the blood was shed by the leucocytes which happened to be 
present in the particular blood sample taken-less the amount of 
agglutinin " absorbed " from i t  by its clot. 
Attention must be drawn to a further feature of our results. If 
the curves and the actual tables given are carefully examined, it is 
a t  once evident that the percentage difference between the readings 
for the serum and plasma is neither constant nor does it follow any 
very regular course in our observations. This is exactly what might 
be expected if the leucocytes are concerned in giving off agglutinins 
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when they disintegrate. Considerable variations in the extent to 
which the leucocytes break up before the plasma can be separated 
from them must necessarily occur, in view of the unavoidable variations 
in the room temperature from day to day, in the time taken up in 
carrying out the required manipulations, and in the condition of the 
blood itself in an animal undergoing iinmunisation and also being bled 
daily to the amount of 6 or 7 C.G. 
On the whole, however, the percentage difference (which may 
exceed 25 per cent.) is greatest in the earlier part of the rise. This 
period corresponds with the period of maximum leucocytosis following 
inoculation, as shown in the curves worked out by T. E. Holmes (9) in 
1 9 0 2  in the laboratory of one of us (E. W. A. W.) at Guy’s Hospital, 
and confirmed by hitherto unpublished observations recently made in 
the Department of I’athology, Oxford, by Dr. Ray. 
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